Grain growth behavior in Al2O3-ZrO2(2.5mol%Y2O3) during high-temperature annealing was examined. In alumina-rich alloys, the growth of coarse alumina grains was effectively retarded by fine zirconia grains. The retarding effect could satisfactorily be explained by the prediction of Zener's pinning effect. In zirconia rich alloys, the size of alumina grains was almost the same as that of zirconia grains, and they influenced lit tle growth of zirconia grains. The results on zirconia rich alloys were related to the sluggish grain growth of zirconia containing 2.5mol%Y2O3.
Introduction
Al2O3-ZrO2 has become one of the important en gineering ceramics with excellent mechanical proper ties. The zirconia dispersion into alumina leads to an improvement of bending strength and fracture toughness.1)-3)
The improvement of mechanical properties of the material is partly caused by grain size refinement due to zirconia addition. It has been known that a suitable dispersion of zirconia particles in poly crystalline Al2O3 is very effective to suppress the grain growth of Al2O3.4),5) The origin of grain growth inhibition and also the grain growth kinetics in Al2O3 ZrO2 have been examined by several workers.4)-11) However, the mechanism of inhibition has not firmly been established yet. The aim of this paper is to ex amine the role of second phase particles on the grain growth of Al2O3-ZrO2 in detail.
2. Experimental procedure High-purity alumina powders with 99.99% purity (TM-DAR, Taimei Chemicals) and hydrolyzed zir conia powders containing 2.5 and 8mol% yttria (TZ-2.5Y and TZ-8Y, Tosoh) were used for start ing materials. These alumina and zirconia powders were mixed in various ratios, ball-milled for 24h in ethanol, pressed into bars by using cemented carbide die under a pressure of 33MPa, and then isostatical ly-pressed under a pressure of 100MPa. grains in Al2O3-6.7vol%ZrO2(2.5Y) occurs much slowly than in pure Al2O3. In other words, the grain growth of alumina is effectively retarded by zirconia grains in this alloy. On the contrary, the grain growth rate of zirconia is almost the same in both ZrO2(2.5Y)-6.7vol%Al2O3 and ZrO2(2.5Y) as seen in Fig. 2 (b) . The grain growth of ZrO2(2.5Y) is very sluggish in comparison with pure Al2O3. The addi tion of alumina have little influence on the grain growth of zirconia in ZrO2(2.5Y)-6.7vol%Al2O3. It can be said that the grain-size distribution is nonuniform when the grain growth of major phase is retarded by minor phase, but is uniform when the major phase grain growth is not inhibited by minor phase. 
which is also based on another modified Smith -Zener's equation derived by Hellman and Hillert by taking into account the three-dimensional array of second phase particles. 15) Equations (3) to (5) predict that the grain size ra tio between matrix phase and second phase is described only as a function of f and is kept constant for a constant f. This really happens in Al2O3-ZrO2 (2.5Y) with zirconia content up to 14.1vol% as in Fig. 3 . This fact seems to indicate that the grain growth inhibition of Al2O3 due to ZrO2(2.5Y) addi tion in alumina-rich alloys can be explained by the model of Zener's pinning effect. The relation be tween r/D and f in alumina-rich Al2O3-ZrO2(2.5Y) alloys is shown in Fig. 4 , where D and r were taken to be alumina grain size and a half of zirconia grain size. In this figure, the previous data obtained by Green4) and Hori et al.7) are plotted. All experimen tal data satisfies a single linear relation between r/D and f, and is in fairly good agreement with the predic tion of Eq. (4) except for small volume fraction of zirconia. The discrepancy in small volume fraction region may be caused by the limitation of applicabili ty of this model, or by the accuracy of grain size measurement. The size of small particles is often overestimated on etched surfaces, which results in larger r/D than that in actual values. Such a problem may be included in the data obtained by Lange and Hirlinger,5) which were used for the analysis of Chen and Xue by Eq. (5).10) The important fact, however, is that the experimental data on the ratio r/D is described as a function of f over a wide volume frac tion range, and the ratio remains constant during isothermal annealing in each Al2O3-ZrO2(2.5Y Al2O3 is also plotted in Fig.  4 . The data of this materi al shows a good agreement with that obtained in alu mina-rich Al2O3-ZrO2(2.5Y). The grain size distribu tion in ZrO2(8Y)-7vol%Al2O3 is also the one expect ed from Zener's pinning model. This fact indicates that the grain boundary migration is pinned by alumi na grains in this material. The present result clearly shows that the grain boundary pinning by minor phase grains is only effective when major phase grain growth rate is sufficiently high. Fig. 4 . A plot of the ratio of minor phase particle radius and major phase grain size against volume fraction of zirconia in Al2O3 -ZrO2. 5. Conclusion Grain growth behavior in Al2O3-ZrO2 (2.5mol% Y2O3) varied with zirconia content. In alumina-rich alloys with zirconia content up to 14vol%, fine zirco nia grains were located at corners or edges of coarse alumina grains and the grain growth of alumina grains was restricted by zirconia grains. The ob served grain size ratio of alumina and zirconia could satisfactorily be represented by Zener's pinning effect. In zirconia-rich alloys, the grain growth of ZrO2(2.5mol%Y2O3) was not influenced by alumina addition due to very sluggish grain growth of ZrO2 (2.5mol%Y2O3).
